THE patient, S. P., aged 40, English, was admitted to the German Hospital, Dalston, on December 2, 1926, with the history that in connexion with straining at stool he had had, on November 30, a sudden cerebral " attack " of some kind, probably without real loss of consciousness, at all events for not more than ten minutes. This attack was said to have been followed by symptoms (weakness ?) on the left side of the body, which, however, had disappeared before his admission to the hospital, two days later.
By F. PARKES WEBER, M.D. THE patient, S. P., aged 40, English, was admitted to the German Hospital, Dalston, on December 2, 1926 , with the history that in connexion with straining at stool he had had, on November 30, a sudden cerebral " attack " of some kind, probably without real loss of consciousness, at all events for not more than ten minutes. This attack was said to have been followed by symptoms (weakness ?) on the left side of the body, which, however, had disappeared before his admission to the hospital, two days later.
In the hospital he was found to have decided enlargement of the heart to the left, with a double aortic murmur, and a sudden, relapsing pulse (" Corrigan's waterhammer pulse ") at the wrist, typical of aortic regurgitation. There was likewise cutaneous " capillary pulsation " on the forehead. Ordinary examination of the lungs and abdomen showed nothing abnormal. The brachial blood-pressure (estimated, I think, in one arm only) was systolic, 200 mm. Hg; diastolic, 85 mm. Hg. The urine contained a trace of albumin; no sugar; no excess of urobilinogen; the centrifuge sediment contained some white blood-cells and a few erytbrocytes, but no tube-casts were seen. A test of the renal function (by concentration and dilution of the urine) gave normal figures. There was no fever; the pulse was 72 to 88 per minute, and the respiration was 20 to 24 per minute. The pupils appeared normal and reacted normally. The patellar reflexes were both active, equal on the two sides. No Babinski's sign was obtained on either side. Ophthalmoscopic examination (by Dr. C. Markus, December 6) showed normal fundi, though the appearance on the two sides was not quite similar; there was a fovea centralis in the right, but not in the left, optic papilla. The blood-serum (December 8) gave negative Wassermann and Meinicke reactions.
There was nothing special in the family history. The patient was married and had had two children; both of them were living; his wife had had no miscarriages. He had been moderate in regard to alcohol and tobacco. At 20 years of age he had had scarlet fever, and seven years ago (at 33 years of age) he had had a kind of "rheumatism," but was not laid up with it. His work was that of milkman, distributing milk in the neighbourhood of the hospital, and though this occupation JN-M 1 [April 26, 192; 7. was fairly strenuous, he seemed not to have found it too much for him. He appeared well-grown.
Apart from the cerebral attack, which had passed off, I should have regarded the case as a typical one of aortic regurgitation, were it not that there were two enlarged superficial (subcutaneous) arteries on the front of the chest, in which pulsation could be easily felt by digital palpation. They were situated symmetrically, about two finger-breadths below the sterno-clavicular joints, one on each side of the sternum, extending from close to the sternum outwards (transversely to the bodylength) till they were lost at about the nipple line on either side. Though this pair of enlarged subcutaneous arteries were not dissected out at the subsequent postmortem examination, they were evidently the superficial external divisions-greatly dilated-of " perforating" branches (i.e., perforating through the first intercostal spaces) of the enormously enlarged internal mammary arteries. Their presence made me immediately think of the possibility of the patient having the so-called adult type of stenosis (co-arctation) of the aortic isthmus. On two previous occasions I had been able to correctly diagnose this condition because I could feel, especially on the back of the thorax, the superficial pulsating arteries which helped to carry on the collateral arterial circulation. In the present patient, however, by careful palpation over his back and elsewhere, I could feel no other pulsating arteries of the kind, and was therefore uncertain whether we had not to do with a peculiar congenital abnormality of the two vessels in question (though probably no such congenital abnormality has ever been met with) in a patient with aortic regurgitation; the cause of the aortic regurgitation remained uncertain, as there was no history of acute rheumrlatism and no evidence of syphilis.
Roentgen examination of the thorax (December 6) merely confirmed the absence of thoracic aneurysm and the presence of enlargement of the heart to the left, and showed nothing else pointing to isthmus-stenosis. Nevertheless, the clinical diagnosis of stenosis (co-arctation) of the aortic isthmus might have been made with certainty, but to this subject I shall return further on.
On December 13, not long before he was to have left the hospital, the patient died very suddenly at 4.40 b.m. At 4.5 a.m. he had a convulsive attack with a trismuslike condition and unconsciousness and cyanosis. The left pupil was dilated to the maximum, while the right pupil was middle-sized. At 4.10 a.m. spontaneous respiration ceased, and both pupils were dilated and did not react to light. Artificial respiration, venesection, and subcutaneous injection of lobelin were tried, but the heart gradually failed and ceased to beat at 4.40 a.m. In spite of the suddenness, the death was evidently of cerebral, and not primary cardiac, origin, but the pupillary dilatation observed pointed against pontine hamorrhage. NECROPSY (by Dr. W. Schosserer, December 13).
The heart showed great hypertrophy of the left ventricle; the thickness of the ventricular wall in front was 2 * 2 cm. The weight of the heart, without the root of the aorta, was 510 grammes (18 oz.). There was slight, patchy atheroma of the middle of the aortic arch and the proximal parts of the great arteries leading from it (innominate, left carotid and left subelavian). There was nothing to account for the aortic regurgitation noted during life, excepting slight arterio-sclerotic changes; all three aortic cusps were somewhat thickened, and the two anterior ones (those corresponding to the origins of the two coronary arteries) were adherent to each other; there was no obvious dilatation of the whole aortic orifice.
Just below the origin of the left subelavian artery there was typical abrupt diaphragm-like stenosis (" co-arctation ") of the so-called aortic " isthmus." The opening was funnel-shaped from above and just admitted the passage of a probe of about 2 mm. in diameter. There was certainly no patent ductus arteriosus, and Dr. Schosserer, following the fibrous band, which he thought (he was not quite certain) represented the remnant of the closed ductus, found that it was inserted into the aorta just above the stenosis. The pulmonary artery appeared normal. Though immediately below the stenosis the aorta abruptly expanded to a good size, the abdominal aorta was certainly hypoplastic. The circumference of the thoracic aorta just proximal to the innominate artery was 7 8 cm.; just proximal to the left subelavian artery it was 6 * 7 cm.; just below the inferior mesenteric artery the circumference of the abdominal aorta was only 3 cm.
No attempt was made exhaustively to dissect out the arterial collateral circulation, which connected the portion of the aorta proximal to the isthmus-stenosis with the portion distal to it, but the internal mammary arteries were enormously enlarged. One of the long thoracic arteries was examined and found enlarged, but one of the inferior (deep) epigastric arteries, which was examined, was not much if at all larger than normal. The upper intercostal branches of the aorta were certainly hypertrophied, especially the first pair (the right one was larger than the left). The collateral circulation was evidently to a great extent carried on by the internal mammary arteries (which spring from the subelavian arteries) and their branches, which anastomosed with the intercostal arteries from the aorta below the stenosis. Doubtless many lesser channels of the compensatory collateral circulation would have been found had they been searched for.
The lungs, liver (weight, 1,750 grm.), spleen (weight, 150 grm.), and kidneys (weight of both kidneys together, 300 grm.), showed nothing special by naked-eye examination. Nor was anything special found in other abdominal viscera.
Brain.-There was a walnut-sized aneurysm in the left Sylvian fissure, which had burst and was surrounded by extravasated blood, occupying a cavity about double the size of the aneurysm itself. The hasmorrhage had not broken into the cerebral ventricles, nor into the subarachnoid space; it had partly destroyed the island of Reil, though it had not reached the external capsule. The basal ganglia appeared normal. Dr. Cecil F. Beadlqs, who prepared the specimen for the Museum of the Royal College of Surgeons, kindly wrote to me that the aneurysm took its origin from a branch of the left middle cerebral artery and lay in and distended the Sylvian fissure, pressing on the island of Reil. It was entirely hidden below and externally by the temporal lobe of the brain. -In its collapsed state it measuTred a little over 2i cm. (1 in.) in diameter. '
The illustrations were drawn by Mr. S. A. Sewell, from the specimens, which are now in the Museum of the Royal College of Surgeons. Fig. 1 is a semidiagrammatic view of the heart and aorta, made before the heart was separated from the aorta, to show the position of the isthmus-stenosis, the origins of the enlarged aortic intercostal arteries, etc. Fig. 2 represents the back of the sternum and adjoining portions of ribs, to show the enormous compensatory hypertrophy and dilatation of the internal mammary arteries, through which the collateral circulation was largely carried on. Fig. 3 represents a section through the brain, the upper portions of the cerebral hemispheres having been cut away so as to show the position of the aneurysm in the left Sylvian fissure, pressing on the island of Reil and the external capsule. It should be remembered that at the post-mortem examination the aneurysm was surrounded by effused blood. 
DISCUSSION.
Recapitulation of the Present Case.-An adult man, capable of doing fairly laborious daily work, seemed in external appearance well, but presented all the ordinary physical signs of aortic valve regurgitation. There was no evidence of previous syphilis or rheumatic fever. An exceptional feature was the presence on the upper chest-front of a pair of subcutaneous arteries which could easily be felt pulsating. They passed symmetrically outwards, one on each side of the sternum. After transitory cerebral symptoms the patient died suddenly with signs somewhat similar to those of a pontine heemorrhage, but with large instead of small pupils.
The necropsy showed that death was due to the rupture of a walnut-sized aneurysm in the left Sylvian fissure, originating in a branch of the middle cerebral artery. There was relatively little disease of the aortic orifice, but there was extreme stenosis (co-arctation) of the aortic isthmus of the so-called adult type, the arterial collateral circulation having been largely carried on by the enormously enlarged internal mammary arteries and their branches anastomosing with the intercostal arteries from the aorta below the stenosis. The pair of subcutaneous arteries felt pulsating in front of the chest during life were derived from " perforating " branches of the internal mammary arteries.
The "isthmus" is the portion of the aorta between the origin of the left subelavian artery and tlke insertion of the ductus arteriosus Botalli. It is of little functional importance in the scheme of the faetal circulation, as before birth most of the blood distributed to the lower part of the body enters the aorta by the ductus arteriosus. After birth it has to adapt itself to the increased flow of blood accompanying the gradual closure of the ductus arteriosus. Thus it is not surprising that it is occasionally found to be the site of maldevelopment. Stenosis of the aortic isthmus-" co-arctation of the aorta," as it has been mostly termed in English literature on the subject-has, since Bonnet's analysis of cases (1903), usually been divided into two types. In the first or infantile type the stenosis or hypoplasia or complete atresia of the isthmus is already present at birth, and it tends to be more diffuse (less abrupt or diaphragm-like) than in the other type. It is often associated with other congenital malformations or abnormalities, including occasionally " mongolism," and the affected infants usually die soon. In the second or adult type the stenosis (sometimes complete occlusion) of the isthmus is usually abrupt or diaphragm-like and other important congenital abnormalities are generally absent. An elaborate collateral arterial circulation gradually develops which connects the branches of the aorta proximal to the stenosis with those of the aorta distal to the stenosis. In some cases of the "adult type" minor, fairly common congenital abnormalities have sometimes been noted, such as the presence of only two aortic cusps or congenital union of two of the cusps. In one case (Bonnet) congenital pulmonary stenosis was found, and in one case (K. Bahn) there was congenital dextrocardia (see further on), without complete transposition of viscera. In most cases of the adult type the ductus arteriosus is completely closed and represented only by an ordinary ligamentous band, which is found to be inserted into the aorta at or near the site of the stenosis, often just above it. In extremely rare cases, probably not of the adult type, the stenosis has been between the origins of the left carotid artery and left subelavian artery, instead of distal to the latter, the ductus arteriosus in these cases having been apparently inserted into the aorta proximally instead of distally to the origin of the left subclavian artery, the aortic " isthmus " being therefore proximal instead of distal to the latter. But T shall refer further on to Deneke's writing on the subject.
The adult type, unlike the infantile type, which is supposed to represent a true congenital developmental abnormality, is never found, according to Maude Abbott (see further on), in the foetus, nor after birth before the closure of the ductus arteriosus has commenced. It is generally explained on Skoda's theory (1855), or Brunner's modification (1888) of it, that the aortic isthmus in these cases contains tissue resembling and derived from that of the ductus arteriosus, this tissue contracting after birth when the ductus arteriosus normally contracts.
What can be said with certainty is that in subjects with any considerable degree of isthmus-stenosis who survive childhood, an elaborate system of collateral arterial circulation gradually develops through the anastomoses of the internal mammary and other branches of the subelavian arteries, and generally the long thoracic and JN-M2 * subscapular branches of the axillary arteries, from above, with the thoracic arteries (branches of the aorta) and other arteries below. So efficient may the collateral circulation be that those who survive childhood (when the collateral circulation is being established) can often carry on an occupation that necessitates laborious muscular effort, and in some cases may show only moderate, or even no, hypertrophy of the left ventricle. Probably about half of those surviving childhood die between 20 and 40 years of age, the period of strenuous adult life; yet a considerable minority live longer, exceptionally to old age. The pulsation in the arteries of the lower limbs is often feeble, but very rarely are there actual signs of insufficient arterial bloodsupply in the legs (weakness, tendency to coldness or even intermittent claudication).
If the condition were recognized in early life an occupatiqn should be chosen that does not necessitate excessive muscular activity, especially of the legs.
Death in these cases is often directly or indirectly due to the stress thrown on the heart and the aortic arch and its great branches by the need of providing an efficient blood-supply, througlh the tortuous collateral circulation, to the legs, etc. Thus, there is a tendency to atlheromatous and "compensatory sclerotic " changes in the aorta and aortic valves. The first portion of the aorta is often dilated, as has been shown in several cases by Roentgen-ray examinations during life. It is therefore not surprising to hear of rupture of an aortic aneurysm as an occasional cause of death in these cases. A woman, aged 56 years, whom I saw in 1910 (referred to further on), died from the external rupture of an aneurysm on the right side of her neck. Similarly, the excessive blood-pressure in the arteries derived from the aorta proximal to the stenosis doubtless accounts for cerebral bhemorrhage having occasionally been noted as a terminal event, but I do not know of a case other than the present one in which a large cerebral aneurysm was present. It is quite possible that the cerebral aneurysm in this case developed at a congenitally weak spot in the artery, just as an aneurysm or rupture without aneurysm may probably occasionally occur at congenitally weak spots in the aorta or other arteries. The previous latency of the cerebral aneurysm in the present case and the absence of optic neuritis may be accounted for by its slow development and its position on the outside of the brain. It is curious that, according to the history obtained, the left side of the body seemed to be chiefly affected in connexion with the preliminary cerebral attack before the patient's admission to hospital. Probably in many cases of stenosis of the aortic isthmus of the adult type there are clinical signs of aortic regurgitation, but without a history of acute rheumatism or evidence of past syphilis. The aortic regurgitation in these cases is probably due to the excessive strain on the proximal aorta and simple atheromatous or sclerotic changes in the valves. Furthermore, according to Minkowski (see below) aortic regurgitation is apt to be diagnosed in these cases when it is not really present, Indeed, when the stenosis of the aortic isthmus has not been discovered, aortio regurgitation (of uncertain origin) has probably been the clinical diagnosis most frequently adopted. In the present case, however, a clinical diagnosis of isthmusstenosis could have been established had our examination been more complete. The most important signs in the differential diagnosis of isthmus-stenosis are those furnished by the collateral arterial circulation and the weakness of the pulse in the arteries of the lower extremities as compared with the pulse in the upper extremities. In the patient in question, though by careful palpation no superficial pulsating arteries could be felt over the back, yet on the upper part of the front of the thorax two symimetrically placed superficial pulsating arteries could be felt, which were evidently derived from the internal mammary arteries, and these latter are invariably greatly enlarged in cases of stenosis of the aortic isthmus of the adult type. Wiith this diagnostic clue in our possession, had we then examined the L23-4 pulsatioln in the arteries of the lower extremities we should doubtless have arrived at the certain diagnosis. For in cases of isthmus-stenosis, as above stated, the pulsation is greatly diminished or not to be felt by ordinary palpation in the arteries of the lower limbs in which in ordinary persons it can be easily felt. This is, of course, owing to the tortuous collateral circulation which has to be traversed for the blood to reach the lower extremities from the heart.
In most cases not much diagnostic information can be obtained from Roentgenray examination of the thorax, excepting that generally the heart is enlarged to the left and the first portion of the aorta is dilated. In one case, however, to which I shall refer further on, and in which I had the opportunity of palpating the superficial collateral circulation, Dr. A. M. Gossage thought that the descending thoracic aorta could, in a Roentgen skiagram, be seen to end at 'the third dorsal vertebra, apparently the site of the isthmus-stenosis. In every case, and in every doubtful case, Roentgen-rays should be used to ascertain as far as possible the presence or absence of a thoracic aneurysm.
In some cases the pulsating clusters of tortuous superficial arteries involved in carrying on the collateral circulation have given the observer the sensation of cirsoid aneurysms. The present is the only case I know of in which no pulsating arteries could be felt on the back, especially between the scapule, though two could be felt on the upper front of the thorax.
More cases of the adult type have been recorded in males than in females. Of the patients who survive childhood most die between 20 and 50 years of age, perhaps half between 20 and 40. The present patient reached the age of 40 years.
Although stienosis of the aortic isthmus is very rare, at the very least 250 cases have been already recorded. I shall now give some illustrative notes from the extensive literature on the subject.
NOTES FROM THE LITERATURE OF THE SUBJECT.
Morgagni [1] in his celebrated work, De Sedibus et Causis Morborum (1761), was perhaps the first to describe a case. The patient was a man with dyspncea and lividity of the face and neck. The heart was enormously enlarged, especially on the right side, and, according to Morgagni's description, there was an extraordinary contraction of the aorta near to its origin. This case is obviously doubtful, but what other kind of aortic contraction could have been present, excepting general hypoplasia, which is not likely to have-been meant?
A French prosector in Paris, named Paris, was apparently the first to describe an undoubted case in 1789. The aorta of a woman, aged about 50 years, was found to be stenosed in the neighbourhood of the insertion of the ductus arteriosus, and a typical collateral circulation had developed. From the commencement of the thoracic aorta Paris was able easily to inject the abdominal aorta and its branches. The case was Dublished in the second volume of the Journal de Chirurgie de De8ault (Paris, 1789), but I have seen only the English translation, by R. Gosling, which was published in London in 1794 (Parisian Chirurgical Journal, second volume, p. 104).
On July 19, 1813, at the Medical and Chirurgical Society of London, Sir Gilbert Blane communicated the account of a " Case of Obstructed Aorta " for Robert Graham, M.D. [2] , one of the physicians of the Royal Infirmary, Glasgow. The patient, a boy, aged 14 years, working as a weaver, died apparently from some febrile thoracic disease that had nothing-to do with his aortic condition. The heart was about twice the normal size. The aorta was somewhat dilated near its origin, but distally to the left subelavian artery it became contracted and just below its union with the closed ductus arteriosus it became completely impervious;
immediately below this stricture it acquired nearly its natural size. The collateral circulation in this case was apparently largely carried on by the internal mammary arteries and their branches from above the stenosis anastomosing with the enlarged intercostal arteries from the aorta below the stenosis. Graham said that the case most nearly resembling his case was that published by Paris in Desau lt's Strgica l Journal, but that unfortunately Paris gave no account whatever of the symptoms that were present during life. In Graham's case (compare the illustrations accompanying his description) there was some general narrowing of the whole aortic isthmus as well as complete occlusion (" complete co-arctation," according to later English medical nomenclature) just distal to the insertion of the ligamentous band representing the closed ductus arteriosus.
In 1828, A. Reynaud [3] published the interesting case of a man who, in spite of extreme isthmus-stenosis, lived to the advanced age of 92 years. The old man's heart was said to be of normal size, and this, if even approximately correct, proves that the collateral circulation must have been almost perfectly efficient and helps to account for his advanced age at death. It should also be noted that his occupation of shoemaker did not necessitate heavy muscular work, at all events with his lower limbs.
J. F. Goodhart described two cases of isthmus-stenosis in 1875 [4] . The first was that of a man aged 27* years. The two anterior aortic cusps (those corresponding to the origins of the coronary arteries) were adherent; the posterior aortic cusp was thickened.
E. Barie, in 1886 [5], collected together a number of different observations, including Reynaud's case, under the heading, " On Congenital Stenosis of the Descending Aorta." W. L. Dickinson and W. J. Fenton, in 1900 [6], described a case of complete occlusion (" complete co-arctation ") of the aortic isthmus in a man, aged 29 years, somewhat illdeveloped, under the care of Sir Humphry Rolleston at St. George's Hospital. London. Death occurred from cardiac dropsy. During life apparently the case had resembled one of aortic regurgitation, but there was no history of rheumatism or chorea, and on one occasion the then medical registrar, T. R. Whipham, observed arterial pulsation in the back, between the left scapular and the spine, which of course represented part of the collateral arterial circulation. At the necropsy, apart from the occlusion of the aortic isthmus, the aortic valve was incompetent to water; it was made up of only two cusps, an anterior and a posterior one, both of which were stiff and thickened. According to Dickinson and Fenton, though stenosis of the aortic isthmus was a rarity, complete occlusion was an extreme rarity. They estimated that out of 105 cases of " co-arctation " there were fourteen cases of complete co-arctation (complete occlusion). In a considerable minority of known cases death had been due to rupture of a saccular or dissecting aneurysm of the aortic arch, and apart from actual aneurysm there appeared to be a noteworthy liability to rupture of the aorta and even of the heart itself.
Minkowski [7] , in March, 1901, at the General Medical Association of Cologne, demonstrated a young man, aged 23 years, with stenosis of the aortic isthmus and signs at first suggesting the presence of aortic regurgitation. The brachial systolic blood-pressure was 300 mm. Hg. The presence of a typical arterial collateral circulation made the diagnosis of isthmus-stenosis certain, but it seems to me, in spite of what Minkowski says to the contrary, that true aortic regurgitation may also have been present, as in my case. According to Minkowski, isthmus-stenosis had already been found in about 120 post-mortem examinations, but was seldom recognized during life. In about thirteen of these cases death had been due to aortic rupture, and cerebral heemorrhage had been repeatedly observed.
In L. M. Bonnet's elaborate paper (1903) [8], "On the Lesion called Congenital Stenosis of the Aorta in the Region of the Isthmus," an infantile type," observed in newly-born children, was separated by him from the " adult type," with which we are chiefly concerned. The differences between the infantile and the adult series have been already referred to (see above). Of his 160 cases, fifty-five were of the infantile type and 105 of the adult type.
Amongst the adult series there were ten cases in which aortic aneuyrsm of some kind was said to have occurred.
John Fawcett (1905) [9] made use of the necropsy records at Guy's Hospital, London, between 1826 and 1902, to illustrate the subject of "co-arctation of the aorta." Out of the notes on some 22,316 necropsies he found only eighteen cases of isthmus-stenosis, in one of which there was complete obliteration (" complete co-arctation "). The sex in nine cases was male and in eight cases female; in one case it was not stated. In at least six of the cases the ductus arteriosus was found to be open, though it is generally believed to be closed in nearly all cases of the adult type. In three cases no marked enlargement of the heart was found. In the majority of the cases there was evidence of a chronic inflammatory change in the aortic valves, supposed to be due to the constant strain to which they were subjected owing to the isthmus-stenosis. This chronic inflammatory change had led to the valves becoming thickened or adherent or had produced stenosis of the aortic orifice. In no less than ten of the cases the aortic valves were affected, and in six of them there were mitral valve changes of similar nature. In three cases the valves were apparently healthy. There was no mention of any dilatation of the aorta immediately below the stenosis. In one case death was due to the rupture of a small aneurysm on the proximal side of the obstruction. In one case the aorta was described as having cracked over a patch of atheroma distal to the constriction and showing an early stage of dissecting aneurysm. In one case a larger saccular aneurysm arose from the ascending portion of the thoracic aorta. The aorta distal to the stenosis was described as small in several cases; in two of these cases the vessel walls distal to the stenosis were also thin. In another case the walls proximal to the stenosis were thin. In eight of the eighteen cases the isthmus-stenosis was accompanied by various congenital malformations. These latter were most numerous in three cases, in whom death had taken place at the ages respectively of 5 months, 16 hours, and 24 years-examples, I suppose, of Bonnet's " infantile type " of isthmus-stenosis. In none of the eighteen cases was the diagnosis of isthmus-stenos's made during life. I would point out also that isthmus-stenosis has probably sometimes been overlooked in hasty post-mortem examinations.
G. Carpenter (1908) [10] described a case of isthmus-stenosis of the adult type in a boy, aged 5 years, with greatly enlarged superficial arteries of the collateral circulation. He believed the boy to have congenital syphilis.
In 1908 Maude E. Abbott, in her article on "Congenital Cardiac Disease " in Osler and
McCrae's " System of Medicine," contributed an excellent analytical article to the subject of " co-arctation of the aorta." To Bonnet's 160 cases she was able to add thirty-eight more, and so obtained a total of 198 cases for her analysis. Of these cases 129 occurred in patients over one year old. Seven patients died in the sixth, and six in the seventh decade of life, whilst one (Reynaud's case, already alluded to) lived to the age of 92 years. More than half of the remainder (fifty-six cases) died between the ages of 20 and 40 years. In 121 of the 129 cases the sex was known; it was male in eighty-one, female in forty. There was some evidence of collateral circulation in fifty-six of the 129 cases, but the particular branches involved and the size of the anastomotic arteries varied greatly, even in cases in which the aortic stenosis was extreme. The heart was stated to have remained normal throughout life in nine of the 129 cases, including Reynaud's case of a man aged 92 years (already referred to); Brunner's case, in which there was an actual obliteration of the aortic channel at the insertion of the ductus arteriosus; and Dumontpallier's case (the patient was aged 39 years), in which the aortic stenosis was due to a septum with a central aperture, 13 mm. in diameter. Seventy-seven cases showed marked hypertrophy and dilatation of the heart, but forty-four of them were complicated with chronic valvular lesions or other cardiac defects, which might have given rise to cardiac hypertrophy. Hence it appears that hypertrophy of the heart is not an invariable consequence of aortic co-arctation. According to Abbott, aneurysm of the aortic arch occurred in only nine of the 129 cases, and in five of them it was of the dissecting form; rupture of the aorta occurred in twelve cases, of the ascending aorta in seven cases, and at the site of the stenosis in five cases. Hugo Sella (1910) [14] described a case of extreme stenosis of the aortic isthmus in a man, aged 43 years, with perforation of a dissecting aortic aneurysm into the pericardiuin. Here I wvill allude to a demonstration by P. Fraenckel, in 1913 , before the Hufeland Society [15] .
Fraenckel maintained that in cases of rupture of the ascending aorta in young persons the cause was not very rarely to be found in the presence of stenosis or complete occlusion (atresia) of the aortic isthmiius. He referred to cases in illustration.
In A. Brown's case of the adult type (1912) [16] the large tortuous superficial arteries of the collateral circulation were variously disposed over the right thoracic wall.
In 1912, with Dr. F. W. Price [17] , I published a case of isthmus-stenosis in a woman, aged 56 years. Death was due to the external rupture of a large aneurysm in the neck, and although there was no post-mortem examination, the superficial collateral arterial circulation observed during life left no doubt as to the correctness of the diagnosis. There were numerous enlarged and tortuous superficial arteries at various parts of the trunk, neck and limbs, but these were especially remarkable in both axille and on both sides of the back in the infrascapular regions. The superficial arteries on the trunk could be felt pulsating under the skin, and somue of them were so enlarged as to be nearly as thick as a man's little finger.
The patient had lived a very active life, but had felt weaker during the last three or four years, and for two years the aneurysmal swelling in the neck had been visible. She had had eleven cbildren, of whom seven were still living. H. Bergmann (1918) [21] described a case (with post-mortem examination) of a female child, aged 5* years, with congenital occlusion of the aortic isthmus associated with general imiuscular hypotonia and slight mongolism. This, I suppose, was an instance of survival beyond infancy with Bonnet's " infantile type " of isthmus-stenosis associated with multiple congenital maldevelopment. There was likewise (apparently acquired) mitral stenosis, with cerebral disease, probably of embolic origin. In regard to the combination of isthmusstenosis with endocarditis of the mitral valve, Bergmann refers to a very old published observation of Harlin, and also to one of Eppinger (1871). Bronson and Sutherland (1918) [22] record the case of a male child, aged 5 years and 10 months, in whoin death was due to the rupture of a fusiform aneurysm of the ascending arch of the thoracic aorta. The post-mortem examination showed likewise partial stenosis of the isthmus of the aorta between the origin of the left subelavian artery and the insertion of the (normally obliterated) ductus arteriosus. Other features present were congenital diaphragmatic hernia, subluxation of joints and defective cranial development. They considered the aortic aneurysm to be due to a congenital defect in the development of the aorta. This case should, I suppose, like the preceding one, be classed with Bonnet's "infantile type" of isthmus-stenosis, associated with multiple maldevelopment. he remained, at full duty for the greater part of the time, until he was invalided for further service in October, 1917. The arterial pulses in the lower extremities were smaller than nlormiial in comparison with those in the upper extremities. The bracliial blood-pressure was, systolic, 144 mm. Hg; diastolic, 100 mm. Hg. The presence of a typical collateral arterial circulation was indicated by several thick-walled and tortuous superficial arteries in the scapular region. Deneke (1925) [25], in a clinical paper on a case of stenosis of the aortic isthmus in a nan, aged 46 years, discussed the question whether the stenosis in his case might niot be situated between the origins of the left carotid and left subclavian arteries instead of, as in nearly all cases (see above), at the usual site of the isthmlius (distal to tht left subclavian artery). At all events measurements of the brachial systolic blood-pressure in the right arm gave readings of 185 to 220 mm. Hg, whilst the readings for the left armll were 106 to 120 mm. Hg (hardly more than half). In a few post-mortem examinations, probably only in infants, the aortic stenosis or atresia has been found between the origins of the left carotid and left subelavian arteries. Deneke refers to Bonnet's paper in illustration of this, and in 1912 A. Hayashi [26] described such a case (complete atresia) in a boy aged six days.
K. Bahn (1925) [27] described the case of a shepherd, aged 40 years, with isolated congenital dextrocardia, that is to say, without complete transposition of viscera. In addition he had the signs of stenosis of the aortic isthmus. He developed endocarditis miialigna lenta, and the post-mortem examination showed complete occlusion of the aorta at the insertion of the ligament representing the foetal ductus arteriosus, distal to the origin of the left subelavian artery. There was a well-developed collateral arterial circulation. The actual cause of death was cerebral embolism. The same case was described by Pol [28] , according to whom about 150 cases of stenosis and about twenty-five cases of complete occlusion of the aortic isthmus were known of from the literature on the subject. J. T. King, jun., in an excellent paper (1926) entitled, " Stenosis of the Isthm-ius (Coaretation) of the Aorta and its Diagnosis during Life " [29], reports four original cases. An interesting clinical feature of his first case, that of an Italian labourer, aged 35 years, was a kind of intermittent claudication of the lower extremities, showing that the collateral circulation was not perfectly efficient. An elaborate bibliography of the subject to date is appended, to which all those interested in the subject may be referred. In this paper and in another one of the same year [30] King contrasts the symptomatology of isthmus-stenosis with the clinical features of the rare conditioln of generalized aortic hypoplasia, according to Joseph Burke's analysis of twenty cases of the latter condition in 1901 [31] . In Burke's cases there was no collateral arterial circulation analogous to that in adult cases of isthm-lus-stenosis. Of Burke's twenty cases seventeen were in men and three in women ; the average duration of life was 23-8 years, the patients mostly dying with symptomis of myocardial insufficiency, commencing suddenly less than a year before death. In one of Burke's cases there was a kind of intermittent claudication.
SUMMARY.
A case is described of stenosis (co-arctation) of the aortic isthmus in a middleaged man, with sudden death from rupture of a cerebral aneurysm. An important clinical diagnostic feature in the case was the presence of two enlarged subcutaneous arteries on the upper chest-front, which could easily be felt pulsating and which were derived from the extremely enlarged internal mammary arteries. No superficial pulsating arteries could be felt over the back or, excepting the two above-mentioned ones, elsewhere on the trunk. The clinical and pathological features of such cases and the literature on the subject are briefly considered. Obviously, could the diagnosis be made early in life, an occupation involving great muscular work, especially of the legs, should be avoided. The clinical diagnosis in these cases is frequently aortic regurgitation, whether true aortic regurgitation is present or not.
Postscript (April 27, 1927) .-An interesting case of stenosis of the aortic isthmus, of the "infantile type," in a boy who died forty hours after birth, has been recently described by J. W. Bruce and R. Ball, American Journal of Diseases of Children, Chicago, 1926, xxxi, p. 196 . To Dr. G. Jefferson I am indebted for reference to a valuable paper from the Mayo Clinic at Rochester, by H. W. Woltman and W. D. Shelden, Archives of Neurology and Psychiatry, Chicago, 1927, xvii, pp. 302-316. Their search through the literature disclosed thirty-two cases of stenosis of the aortic isthmus in which some neurological complication was present, and they themselves describe the case of a young man, aged 20, who died with rupture of a cerebral aneurysm, situated at the junction of the left middle cerebral artery with the left posterior communicating artery. They also describe another case of isthmus-stenosis (the clinical ,dignosis being practically certain), in a woman, aged 44, who suffered from intermittent claudication of the lower extremities, as in one of the cases recorded by King (see above).-F. P. W.
